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ABSTRACT
String Unified Models based on the k = 1 level of the Kac-Moody Algebra, predict the existence of "exotic" new states which carry fractional electric charges -in addition to the ordinary representations accommodating the three generations and the necessary higgses. We analyse the possibility of considering these "exotics" as preonic matter which can be used to form the families and the gauge group breaking higgs scalars. It is proposed that such a formation may occur provided that these states transform non-trivially under a non-Abelian gauge group with a relatively large rank in order to confine them at a sufficiently large scale. Such a situation is natural in string derived unified models, since the role of the confining group can be played by (part of) the Hidden symmetry. In this work in particular, we analyse models based on the SU(4) × SU(2) L × SU(2) R Pati-Salam gauge group, and derive the conditions on the number of the preonic states to obtain a three family model. Although it was shown that this model dispenses with the use of the Higgs in the adjoint representation of SU (4) to break down to the standard model, we find that this Higgs can be naturally derived by the confinement mechanism. Thus, this mechanism could be useful for cases of gauge symmetries which can be broken only by the adjoint representation. In the model of our discussion, two examples with reasonable spectra are presented and studied in some detail. In particular their complete renormalization group equations for gauge and Yukawa couplings are derived and the low energy predictions of these models are discussed.
IOA-01/96 NTUA 54-96 (1) pdimop@zeus.central.ntua.gr (2) leonta@cc.uoi.gr (3) ntrac@zeus.central.ntua.gr Nowadays, string theory [1] seems to be the best candidate for the ultimate unification of all the fundamental interactions of nature. There are many open questions however, and the theory by no means has been completely understood. One of the most attractive and interesting of these questions in strings, is the construction [2] of realistic models which are consistent with the low energy phenomenology. Most of the attempts in string model building [3, 4, 5, 6, 7, 8] , have been concentrated in constructions of string models based on level-one (k=1) Kac-Moody algebras. In the search for the realistic string derived models, two main obstacles have appeared: (i) Unified models based on these constructions do not contain fields in the adjoint or higher representations. Therefore, traditional Grand Unified Theories (GUTs), like SU(5) and SO(10) which need Higgs fields in these representations, could not break down to the Standard Model. Attempts to overcome this difficulty led to the construction of models where the gauge group needs only small Higgs representations to break [3, 5] .
(ii) The appearance of fractionally charged states, other than the ordinary Quarks, is unavoidable [9] in the k=1 Kac-Moody constructions. Such states, unless they become massive at the String scale, they usually create problems in the low energy effective theory. Indeed, the lightest fractionally charged particle is expected to be stable. In particular, if its mass lies in the TeV region, then the estimation of its relic abudances [10] contradicts the upper experimental bounds by several orders of magnitude. It has been proposed that this problem can in principle be solved by constructing models containing a hidden gauge group which becomes strong at an intermediate scale to confine the fractional charges into bound states [3, 11] .
In this work, we would like to explore an alternative scenario: Since the fractionally charged states are generic [9] in k=1 level, it might be possible that in particular string models they could play the role of some preonic matter superfields which transform non-trivially under some Hidden gauge group. This Hidden group could very well play the role of the confining gauge group of the preonic fields into composite states which could be the representations containing the ordinary Quarks and Leptons.
Models with composite Quarks and Leptons have already been introduced by many people [12, 13, 14, 15, 16] the last two decades, either in the context of the Standard gauge group of Electroweak interactions 1 or within Grand Unified schemes. Both scenarios are well motivated in the context of Superstring k=1 constructions. Indeed, if we insist on the economy of the models derived from the String, we would feel unhappy with a large variety of representations left in the light spectrum of the effective field theory, even if we manage with a judicious choice of the parameters of the theory (moduli, flatness conditions etc) to make them massive at some intermediate scale M C .
1 Compositeness may also be combined with Technicolor and Extended Technicolor Theories [17] to produce interactions which may create dynamically the fermion masses.
Instead, it would appear more natural to derive an effective field theory with a relatively small number of representations.
In what follows, motivated by the appearance of such exotic states in string constructions, we will concentrate on a particular gauge group which leads to a viable low energy scenario. In particular we will explore the SU(4) × SU(2) L × SU(2) R Pati-Salam symmetry assuming the existence of representations carrying fractions of the known electric charges possessed by the ordinary Quarks and Leptons. In this work, we will not discuss long standing problems which arise when trying to implement the idea of compositeness. Relevant discussions about the problems appearing in the various approaches to the compositeness may be found in the literature [12, 13, 18] . Our paper is organized as follows. In section 2 we start with a short description of the effective low energy model. We introduce in section 3 the "exotic" states and discuss particular cases which are in accordance with the low energy spectrum discussed in section 2. In section 4 we make a renormalization group analysis of the above cases at the two-loop level and estimate the possible confining and GUT scales compatible with the experimentally determined values of sin 2 θ W , α 3 and α em .
The Effective Field Theory Model.
Before we proceed in the presentation of the effective field theory, let us resume the main arguments of the previous discussion: According to the above considerations, on the one hand we have preonic states to be identified with the fractionally charged states, which are always present in most of these models. On the other hand, in the free fermionic four dimensional constructions [2] for example, in principle it is possible to choose boundary conditions on the world sheet fermions of the basis vectors of a particular model and project out all the integrally charged representations 2 . The fermion families, will appear then at an intermediate scale as composite fields of the preonic representations. Therefore, it would be natural to ask, if any phenomenologically viable preonic model could arise from the Plank scale physics.
In the present work, we are mainly interested in preonic structures that lead to Grand Unified models based on the Pati-Salam (PS) SU(4)×SU(2) L × SU(2) R gauge symmetry. There are several reasons for this choice. First, starting with an effective field theory model based on a Grand Unified gauge group, it is possible to avoid the appearance of some unwanted composite states of leptoquarks that are usually present in composite models based 2 In the SU (4) × SU (2) L × SU (2) R model this is rather obvious. Indeed the charge operator is a combination of diagonal generators of all the group factors. Therefore, in the fermionic language for example, we may extend the basis by adding "phase-vectors" until all representations transform non-trivially under only one of the non-Abelian groups. As we will see in the next section, many of these representations do not belong to any known "GUT" multiplets and possess charges which are fractions of those of the ordinary fermions.
on the Standard gauge group [14] . Secondly, it is well known that the PSgauge symmetry is isomorphic to the product of the orthogonal gauge groups SO(6) × SO (4) . Orthogonal gauge groups can be easily derived [5] within the free fermionic formulation of four dimensional superstings by imposing only periodic or antiperiodic boundary conditions on the world sheet fermions. In specific examples it was shown that, both, fractionally charged states and ordinary families are usually present in the massless spectrum of the theory. As noted above fractionally charged states cannot be avoided, however one can choose proper boundary conditions and project out all the integrally charged representations.
Before we proceed in the details of the preonic construction, it is worth describing the field theory limit of the model [5] based on the PS-symmetry with minimal spectrum which at the same time is consistent with the low energy expectations and experimental facts. The necessary fields of the minimal supersymmetric version together with their transformation properties under the PS-gauge symmetry are shown in the table
In particular, the model includes three generations of quarks and leptons which are accommodated in F L +F R ≡ (4, 2, 1) + (4, 1, 2)-representations of the SU(4) × SU(2) L × SU(2) R symmetry. As noted above, it has been shown [5] that this model dispenses with the use of the Higgses in the adjoint representation. Instead, one needs just one pair of H +H ≡ (4, 1, 2)+(4, 1, 2)-Higgses to realize the first symmetry breaking SU(4) × SU(2) R → SU(3) × U(1) B−L , and one h ≡ (1, 2, 2) higgs field to provide the two WeinbergSalam doublets after the first symmetry breaking. By examining the proper terms, we can easily find the massive gauge bosons associated with the broken generators of the SU(4) × SU(2) R symmetry when the H,H higgs fields acquire vevs. Thus, denoting by υ H the vev of the neutral component of the H andH fields, the relevant kinetic terms
result to the following mass terms for the gauge bosons
From the above we see that the color triplets u 
The orthogonal combination remains massless, corresponding to the unbroken U(1) Y symmetry, while eight bosons of the SU(4) group remain also massless corresponding to the gluons of the unbroken SU(3)-colour.
In addition a sextet field D ≡ (6, 1, 1) is needed to produce a pair of coloured triplets 3 +3. The latter are going to combine with the uneaten d c H ∈ H andd cH ∈H, to form two superheavy massive states and avoid fast proton decay. Finally, at least four singlet fields φ i , i = 0, 1, 2, 3 are necessary, three of them to realize the see-saw mechanism together with the left and right handed neutrinos, while the fourth one φ 0 is going to prevent the appearance of the electroweak axion through a mixing mass term between the light higgses. The superpotential of the model can be written as follows
Detailed analysis of the phenomenological implications of the above superpotential terms have been discussed extensively in previous works [5, 19] .
Here we briefly summarize the basic points: The first term in Eq. (1) provides masses to the fermion fields including a Dirac mass term for the right handed neutrino. If U(1) symmetries distinguish the different families (as it is expected), then only the third family acquires a mass from the trilinear superpotential. Since all charged fermions of the third generation receive masses from the superpotential term λ 1F F h, the SO(10) Yukawa unifica-
Then the renormalization group analysis shows that the top Yukawa coupling is driven to a quasi-fixed point at low energies, while tan β ∼ 60 [20] . The uneaten components of the higgs fields combine through λ 5,6 terms as follows.
where
. Therefore there are no dangerous colour triplets in the light spectrum of the model. The only remaining field beyond those of the minimal supersymmetric standard model is therefore the right handed meutrino. But from the second term of Eq.(1) we get λ 2 υ H ν c i φ 0 . This term combined with the Dirac type mass λ 1 < h > ν i ν c j obtained from the first term of the superpotntial results to an extended "see-saw" type mechanism. Additional contributions from non-renormalizable terms fill other entries [21] , so that the neutrino mass matrix in the basis ν, ν c , φ 0 looks like
where it is understood that all entries of m ν represent 3 × 3 matrices. The above neutrino matrix is different from that of the conventional "see-saw" type. There are three extra neutral singlet fields which couple at the tree level with ν c i 's in the way described previously. However, as far as the low energy physics is concerned, the result is the same, i.e. it predicts three light Majorana neutrino masses of O(m
3 The Preonic Model.
The superpotential of Eq. (1) includes trilinear terms with states arising only from the decomposition of the ordinary irreducible representations (irreps) of the SO(10) theory. At k=1 Kac-Moody level in particular, as was mentioned in the introduction, all irreps appearing in the theory are smaller than the adjoint. For the model under consideration for example, the possible representations under SU(4) × SU(2) L × SU(2) R arise from the 16, 16 and 10 of SO (10) according to the decompositions
In string constructions, however, the case is more complicated. In fact, in this particular model the effective theory gauge symmetry is based on a product of non-Abelian groups rather than on a single unified one. In the fermionic constructions for example, the model is constructed from a set of vectors whose components are phases picked up by the world-sheet fermions when parallel transposted around non-contractible loops. The massless states of the theory are those surviving the projections of the various vectors onto the others. As a result, in addition to the above states, new representations may arise which are singlets under all but one of the non-Abelian factors of the symmetry of the model. Thus in addition to (4, 2, 1) , (4, 1, 2) one may get the "exotics" (4, 1, 1), (4, 1, 1) , while together with (1, 2, 2) one also obtains (1, 2, 1) and (1, 1, 2) . Of course such representations are not present in the ordinary SO(10) irrep decompositions as can be noticed from Eq.(3).
There are two ways of handling these states: i) One can redefine the charge operator [9, 5, 22] . Indeed, in the usual string constructions the resulting "observable" gauge symmetry is accompanied by "hidden" gauge groups and a rather large number of U (1) factors. Most of the fields discussed above carry non-zero charges under the surplus U(1)'s. One then could extend the charge operator by including one or more of these U(1)'s. Such cases have been discussed in the literature but they usually lead to the wrong predictions for the weak mixing angle. ii)As a second possibility we consider the case discussed here where the string model predicts only the "exotic" states discussed above, with non-trivial transformation properties under part of the hidden gauge group. String toy models with such properties can be easily constructed [23] .
With the form of the minimal theory in mind, let us now attempt to derive it considering only preonic fields, assuming that the ordinary superfields are not present in the original theory. As has already been dis-cussed, we assume that the symmetry of the observable sector is based on the gauge group SU(4) × SU(2) L × SU(2) R , while the fields belong also to some N(N )-dimensional representation of a Hidden gauge group. The fractionally charged states which appear in the string spectrum of these models, in the most general case, are of the following types
Let us explain our notations in the above fields. The numbers in the parentheses, as usually, refer to the transformation properties of the various preonic fields under the observable gauge symmetry of the model. The indices i, j, m, n refer to the number of the corresponding representations and run from 1 to I, J , M, N respectively. Care has been taken, so as (4/4) as well as (N/N ) representations appear in pairs to ensure that the theory is anomaly free. The index N(N ) in each of the above representations refers to its transformation property under the Hidden gauge group 3 . We should note here, that in realistic string constructions, the fields might also carry extra U(1)-charges while the Hidden gauge group is not always simple. However, in order to make the subsequent analysis simple and model independent, we consider only a simple SU(N)-Hidden gauge group. The existence of the U(1) factors would have the obvious implication of reducing the possible gauge invariant trilinear and higher order Yukawa terms of the superpotential. Such situations would have an effect on the hierarchical structure of the mass matrices as discussed in various phenomenological analyses of string derived models. These details are not going to concern us here therefore we are not going to include any U(1) factors in the proposed model. Of course the implementation of such scenarios and other more complicated cases is straightforward. Now, if we define the charge operator in the usual sense
, it is clear that all the above fields carry charges which are fractions of those of ordinary Quarks and Leptons. Under the Hidden gauge group, they form composite states at some intermediate scale M U < M C < M P l , which may be identified with the ordinary superfields of Quarks and Leptons. The possible composite states created from the above preonic fields are listed bellow
We observe that all the fields of the superpotential in Eq. (1) In order to avoid the appearance of "antifamilies" in the light spectrum, they should combine with equal number of families and receive mass at a high scale. If we demand r generations to remain in the light spectrum, then we should have #F L − #F L = r, and an equal number of right partners. This requirement leads to the equation (M − I) × (J − N ) = r, which is satisfied for various choices of I, J , M, and N .
Thus, let us distinguish some simplified cases:
• M = 0. In this case, the above requirements for r = 3 lead to the condition (N − J ) × I = 3. An acceptable case for three generations would be J = 1, N = 2 and I = 3. In this case one obtains 6 F L 's, 3F L 's, 3 F R 's and 6F R 's. In addition, there are 4 D's, 9 h's and 5 singlets. In order to remain with the minimal spectrum of the superpotential of Eq.(1), three pairs F L + F L should become massive through some effective superpotential term of the form < Φ >F L F L . As far as the right representations are concerned, one pairF R + F R should be interpreted as the higgsesH + H which break the SU(4) symmetry, while the remaining two additional pairs should become massive in the same way as the left fields. In a similar way, we can give superheavy masses to any other additional representations like sextets and doublets.
• J = 0. In this case the condition reads (I − M) × N = 3. We may further choose I = 4, M = 1, N = 1 or I = 2, M = 1, N = 3. For the second case for example we obtain the following spectrum: 6(F L +F R ), 3(F L + F R ), 5(1, 2, 2) LR-higgses 9 (15, 1, 1)-higgs in the adjoint of SU(4) and 2 (1, 3, 1) + (1, 1, 3) pairs accompanied by 18 neutral singlet fields. There are no sextet fields but usually they arise naturally in the original spectrum of the particular string model.
The remarkable feature in this spectrum is the presence of two types of higgses which both can break the SU(4) symmetry. This fact gives various possibilities of symmetry breaking patterns which we would like to describe in what follows.
Symmetry Breaking Patterns.
Let us start with the more economical symmetry breaking pattern. As described above, the pair H +H breaks simultaneously SU(4) and SU(2) R . This happens at a scale close to the "conventional" SUSY-unification point M U ∼ 10 16 GeV . As has been analysed previously, in the minimal case all particles beyond those of the Standard Model spectrum acquire superheavy masses. The renormalized low energy couplings give then the standard predictions for the weak mixing angle sin 2 θ W , α 3 and α em couplings. This mechanism of symmetry breaking is the most economical and has been presented already in the previous sections.
As a second possibility one can consider a non-zero vev along the neutral direction of the SU ( At a second stage, one should consider the SU(2) R symmetry breaking at a scale M R not much lower than the unification scale M U . In fact a second intermediate scale affects decisively the renormalization group running of the gauge coupling constants and if we insist in a spectrum not much different from that of the minimal supersymmetric standard model, these two scales M R and M U should not have a huge gap. A rather interesting case arises when the two breaking scales differ by approximately three orders i.e. M R ∼ 10 12 GeV ∼ O(10 3−4 M GU T ). Since the mass of the right handed neutrino is related to M R one can obtain an effective neutrino mass matrix with a scale m ef f. ν ∼ m 2 t /M R ∼ O(eV ) leading to interesting phenomenology [24] . In general, the SU(2) R symmetry breaking can be achieved with a right handed doublet field and/or a triplet ∆ R under SU(2) R . In fact, in the present case both higgs fields are present in the spectrum. RH-doublets can be found in the (1,2,2) higgs representation or they can arise from the decomposition of the higgses
In the case < H >=<H > in particular, a possible coupling of the form F R Hφ 0 may create a heavy mass term of the form < ν H > ν c φ 0 for the right handed neutrino. Such terms may realize the extended "see-saw" mechanism described previously. On the other hand, if a triplet ∆ R gets a vev along its neutral component, it may create a direct Majorana mass term < ∆ 0 R > ν c ν c leading thus to the ordinary type of the "see-saw" mechanism. In an SO (10) theory one can see that such a term corresponds to (16 16 126) coupling of the SO (10) theory. Nevertheless, in the present construction, the triplet ∆ R alone is insufficient to break the symmetry down to the standard model, therefore a non-zero vev < H > = 0 is always necessary. Indeed, to see this let us explain how the symmetry breaking can occur in a conventional SO (10) model with following symmetry breaking chain
The SO (10) breaking occurs at a scale denoted as M X with the 54 SO (10) irrep. The first intermediate scale corresponds to the second stage of symmetry breaking while it is denoted with M G . Now one needs the (15, 1, 1) under the SU(4) × SU(2) R × SU(2) L which is found in the 45 of SO (10) . The third symmetry breaking in the conventional gauge model, is obtained with a triplet under SU(2) R at a scale M R . Tracing back to the origin of the latter irrep to the higher group symmetry we see that it can arise from the successive decomposition of the 126:
126 → (10, 1, 3) + (10, 3, 1) + (15, 2, 2) + (6, 1, 1)
Obviously, a non-zero vev for the triplet here is sufficient to break all nonstandard model symmetries (including B − L) and lead to the correct low energy gauge group of the electroweak interactions. However, in the case of condensates considered above, the triplets ∆ R carry no B − L charge, therefore they leave the corresponding U(1) B−L symmetry unbroken. Therefore, as described above, a second type of higgs is needed at this stage of symmetry breaking. Moreover, there is another shortcoming of the two stage symmetry breaking. In fact, the necessary RH-doublets needed to break the SU(2) R symmetry arise together with the coloured triplets in Eqs. (6, 7) . It is hard to find a term which gives masses to the coloured triplets after the SU(4) breaking, while leaving the useful doublets without masses. A possible solution would require a non-zero vev for the scalar component of the right handed neutrino but this is less esthetic.
It seems to us that this second case with two intermediate scales is rather complicated and less natural compared to the first possibility with only one intermediate scale case described in detail in section 2.
5 Two-Loop Renormalization Group Analysis.
One of the major differences of string theory unified models with the conventional "GUT" theories is the following: In the former, the unification point M str is a calculable quantity in terms of first principles of the theory, while in the latter the value of M U is predicted from the low energy phenomenology. Of course it is a remarkable fact that the three gauge couplings meet at a single point at M U ∼ 10 16 GeV when only the minimal supersymmetric spectrum is assumed from M U down to a scale of O(1T eV ). The main difficulty in incorporating the successful scenario of minimal supersymmetry in a string content is that the two scales, i.e. the one calculated from string principles M str and the "GUT" scale M U differ, at least by two orders of magnitude. A particularly convenient way of dealing with this problem in string model building has been the introduction of models with intermediate breaking scales [3, 5] just as in the case discussed here. A crucial role in the determination of the low energy measured parameters is also played by new "exotic" states like the ones discussed in the present paper, as well as string and GUT threshold corrections [25] . Therefore, due to the plethora of new states, there exist in principle various possibilities of reconciling the low energy data with the string high scale. These possible solutions are drastically reduced of course when additional theoretical and phenomenological requirements are taken into account. However, the rather disapointing fact is that the simple picture of unification as was described by the minimal supersymmetric scenario is lost. A rather interesting alternative would be that the minimal unification scenario could still be valid from the low energy scale M Z up to the M U ∼ 10
16 GeV , where the three couplings attain again a common value, but the scale M U should be considered as an intermediate scale where some intermediate gauge group breaks down to the standard one. Above this scale it can be arranged so that the couplings of a higher gauge symmetry evolve together up to the string scale which is approximately two orders of magnitude above M U . Thus, (up to string threshold corrections) the values of the gauge couplings meet all together at the string scale, while the minimal unification scenario still holds. In particular, in the model under consideration, at the one loop level, the low energy values of α 3 , sin 2 θ W and α em can be expressed in terms of the beta-functions and the various scales by the following simple formulae
where the quantities ∆ i represent threshold corrections at the string scale
, while all the relevant beta-functions are found in the Appendix 4 . As can be readily noted, if α em is taken as input, the α 3 and sin 2 θ W values can be expressed only in terms of the differences of the three ∆ i in the above formulae. The latter are found [27] to be small. Thus, if the string spectrum of the model is such that the three beta-functions b 4 , b L , b R are equal, the related gauge couplings α 4 , α L , α R run in parallel between the scales M str − M U . As a result, their values at M U are approximately equal, thus the minimal supersymmetric unification scenario is perfectly valid below M U .
In performing our subsequent numerical analysis, our previous discussion is suggestive in following the bottom-up approach. In particular, starting the running of the α 1,2,3 gauge couplings from M Z upwards and assuming an intermediate supersymmetric unification scale M U , one is able to determine the quantities 1/α i + ∆ i , at M str , for any particle spectrum. Making use of the relation between M str and g str M str ∼ 5.2g str × 10 17 GeV it is possible to determine the absolute values of the string threshold corrections ∆ 4 , ∆ L and ∆ R . Therefore, making use of the experimentally known low energy quantities α em , α 3 and sin 2 θ W , one can evaluate the absolute values of the string threshold corrections for any specific model.
Within the present gauge model, a one-loop RGE analysis has shown [20] that there exist cases with reasonable spectra resulting to an equality of the three beta-functions b 4,L,R . In the present work we have extended the renormalization group analysis for models based on the PS-symmetry, in the following two ways: We have first checked that two-loop running of the coupled gauge-Yukawa couplings does not alter the main results of the one-loop analysis presented in [20] . Second, we run the couplings for the two "preonic" models mentioned in section 3. In the Appendix we present the two-loop formulae for the betafunctions of the SU(4) × SU(2) L × SU(2) R model taking into account contributions of the adjoint and other representations. In the energy region between M str and M U we have used the particle content dictated by these models as the maximum allowed one. (In string derived contents with additional number of states, one can give masses O(M str ) to some of these states or accept a step decoupling in the region M str − M U .) Here we have also adopted the bottom-up approach. Apart from the 3 families, a pair of (4, 1, 2) + (4, 1, 2) to break SU(4) × SU(2) R and one (1, 2, 2) to break the standard model, for the first model we have taken the following content 2 × (4, 1, 2 In obtaining the above results, we have demanded the fulfillment of the Yukawa relation h t (M U ) = h b (M U ), implied by the first term of the superpotential Eq. (1), to hold at the 2% level, while the same was fulfilled for the String scale requirement h(M str ) = √ 2g str . Furthermore, since the absolute values of the string threshold corrections are not known -only their differences are calculable -we assume a naturality condition, namely that both values should be of the same order. Thus, in their numerical estimation, the first two cases presented in the table do respect this naturality condition. The string thresholds ∆ L,R,4 as well as their differences ∆ L − ∆ 4 and ∆ R − ∆ 4 are evaluated to be of O (1) for the cases that m phys t = 177GeV . In the case where m phys t = 170GeV , we are forced to reduce the value of M str in order to comply with the h(M str ) = √ 2g str relation. This has the result of giving somehow "less natural" values to the ∆ i 's since they become 100 times larger than their differences. This naturality condition can be associated with a lower bound on M str . Assuming that 4 ×10
17 GeV . In the case where ∆ ij ∼ ∆ i ± 10, then M str ≥ 3 × 10 17 GeV , while for ∆ ij ∼ ∆ i ± 100, M str ≥ 1.6 × 10 17 GeV . The low value of the top mass in this latter case can be well understood on general grounds, if we examine the evolution of its Yukawa coupling the other way around, i.e. in the up-down approach. Starting with the initial value h(M str ) = √ 2g str at the string scale, we can check from the renormalization group h t -equation in the Appendix that the latter runs to larger values for lower scales. If the interval M str. − M U is small, h t cannot reach a large enough value at M U . As a result, its final magnitude at M Z is also small. On the other hand, if M str. − M U is large enough, the top coupling approaches its fixed point value at low energies and gives a top mass close to ∼ 180GeV.
Conclusions
In this paper we have examined the possibility of obtaining low energy effective gauge models using only representations which arise at k=1 level of string constructions, with gauge symmetry based on the SU(4) × SU(2) L × SU(2) R Pati-Salam (PS) gauge group. We have argued that even though the adjoint or higher representations are absent from the spectrum of such string derived models, there are still various possibilities of obtaining a consistent low energy phenomenology. In particular, in constructions based on the aforementioned PS-gauge symmetry and k=1 Kac-Moody level, we have seen that a viable low energy phenomenological theory can be derived in the following ways: i) One can use the standard PS-representations (4, 2, 1), (4, 1, 2) to accommodate the three fermion families, while the standard gauge symmetry is obtained after the spontaneous breaking of the PS symmetry with a minimum number of Higgses sitting in (4, 1, 2) + (4, 1, 2) representations [5] . The standard model can break with the use of the two standard doublets found in the (1,2,2) of the PS-symmetry. These standard representations are accompanied by the "exotics" (4, 1, 1) , (4, 1, 1) and (1, 2, 1) , (1, 1, 2) which carry fractional electric charges, and should form massive states at a rather high scale to avoid phenomenological problems. ii) As a second possibility, we have argued in this paper that the above "exotics" may arise with non-trivial transformation properties under a "hidden" gauge group with sufficient rank, in order to confine to integral charged states at a high scale. It has been shown that the resulting codensates can have the correct transformation properties to accommodate quark, lepton and higgs fields and reproduce the model of case i). In addition, new symmetry breaking patterns can be obtained as it is possible now to accommodate higgs fields in the adjoint representation. The models of case ii) are reminiscent of supersymmetric composite models, proposed sometime ago [14, 13, 15] .
Finally, a two loop renormalization group analysis has been performed for the above models. It has been shown with simple examples that in the cases considered above the massless spectra needed to obtain a phenomenologically viable low energy theory, allow a simple picture of the gauge coupling evolution. More precisely, the gauge couplings of the PS-symmetry can evolve together from the string unification point down to an intermediate scale where SU(4) × SU(2) L × SU(2) R breaks to the standard model. Thus in this case the standard model gauge couplings start running from this scale with a common initial value according to the well known picture of the successful minimal sypersymmetric scenario.
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An alternative approach of our RGE analysis of section 5 with M U ∼ M str and an intermediate SU (4) scale M I ∼ 10 12 GeV has been considered in [28] .
Appendix
Taking into account all possible representations at k = 1 level of the SU(4) × SU(2) L × SU(2) R symmetry , the most general trilinear superpotential is 
where i = (R, L, 4). The coefficients c ij for the λ 1 Yukawa coupling (the one responsible for giving mass to the quarks and leptons after breaking) is given by c i1 = (20, 20, 8) In the above, we have included also the contribution for several representations appearing in the "preonic" model: 
